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(57) ABSTRACT 

Charge balancing is achieved in a compensation component 
by creating compensation regions having different thickness. 
In this manner, the ripple of the electric ?eld can be chosen 
to have approximately the same magnitude in all of the 
compensation regions. 
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CHARGE COMPENSATION SEMICONDUCTOR 
CONFIGURATION 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation of copending 
International Application No. PCT/DE00/03469, ?led Sep. 
28, 2000, Which designated the United States. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to a compensation 
component having a semiconductor body of a ?rst conduc 
tion type, in Which a region eXtends betWeen at least one ?rst 
electrode and a second electrode arranged remote from the 
?rst electrode. The region adjoins the ?rst electrode and has 
at least one Zone of the second conduction type that is 
opposite to the ?rst conduction type. The compensation 
component includes a drift Zone that lies betWeen the at least 
one Zone of the second conduction type and the second 
electrode. The drift Zone has compensation regions of the 
second conduction type, in Which the charge balance is 
variable. 

[0003] It is knoWn that in compensation components, the 
electrical parameters, such as, in particular, the breakdoWn 
voltage, are greatly dependent on manufacturing ?uctua 
tions. This can be attributed to the fact that the breakdoWn 
voltage depends approximately parabolically on the p/n 
charge balance in the bulk of the semiconductor body. 
HoWever, this charge balance is subject to manufacturing 
?uctuations. 

[0004] If the charge balance is not varied in the individual 
planes of a compensation component, Which are preferably 
formed by epitaXy, to obtain a homogeneous doping depth 
pro?le in the compensation regions of the second conduction 
type (the so-called “p-type pillar”, if the second conduction 
type is the p conduction type), then this produces a very 
narroW compensation parabola With only a small opening 
Width. In this case, then, the manufacturing WindoW is 
relatively small. 

[0005] HoWever, if there is variation of the charge balance 
in the individual planes, ie if there is variation of the dose 
implanted per area in the planes, the parabola becomes 
Wider, Which provides a larger manufacturing tolerance. 

[0006] FIG. 5 shoWs the typical pro?le of tWo such 
“manufacturing parabolas”. In this case, the breakdoWn 
voltage is plotted as a function of the degree of compensa 
tion, Which may be p-loaded, n-loaded, or neutral. A sig 
ni?cantly narroW manufacturing parabola is produced for a 
homogeneous pillar doping (cf. the broken line) and for a 
variable pillar doping (cf. the solid line). 

[0007] The drift Zone of a compensation component (the 
compensation regions being situated in the drift Zone) is 
preferably implemented by repeatedly depositing a doped 
epitaXial layer that is respectively folloWed by a masked 
implantation With a dopant of the second conduction type. In 
other Words, by Way of eXample, an n-conducting epitaXial 
layer is applied to an n-conducting semiconductor substrate. 
Ap-conducting compensation region is then produced using 
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a masked implantation in the region of the drift Zone. This 
operation is repeated a number of times. 

[0008] If the drift Zone is produced in this Way, then the 
electric ?eld eXhibits great variation With the depth, that is 
to say in the direction perpendicular to the individual 
epitaXial layers. This variation of the electric ?eld can be 
referred to as ripple. 

[0009] The ripple is based on the distribution of the 
implanted dose that is inhomogeneous in the depth direction 
or the vertical direction, and also on a transverse electric 
?eld that is established betWeen the compensation regions of 
the second conduction type and the semiconductor body 
surrounding the latter, that is to say, in the above eXample, 
With the p-type pillar, betWeen the p-conducting regions of 
the pillar and the n-conducting semiconductor body. 

[0010] FIG. 4 shoWs such a ?eld pro?le in a conventional 
compensation component. In this case, the electric ?eld 
strength E is plotted as a function of the component depth d 
in FIG. 4. 

[0011] This ripple of the electric ?eld strength K means 
that the compensation component can take up signi?cantly 
less voltage than in the case of a “?atter” ?eld pro?le. In 
order nevertheless to be able to Withstand relatively high 
voltages, the compensation component must be dimensioned 
to be relatively thick, Which, hoWever, leads to an increased 
on resistance RDSon betWeen the drain and the source in the 
case of a compensation component formed as a transistor. 

[0012] It should be attempted, then, to ensure that com 
pensation components have a Wide manufacturing parabola 
and a loW degree of ripple. 

[0013] The Wide manufacturing parabola is achieved by 
providing a variable doping pro?le in the drift Zone, in the 
p-type pillar in the above eXample. For this purpose, either 
the implantation dose can be set in a variable fashion or the 
doping in the individual epitaXial layers can be con?gured in 
a variable fashion. Such a variable con?guration of the 
doping in epitaxial layers, that is to say the n-type doping in 
the above example, can only be realiZed With dif?culty in 
practice, so that solely the variation of the doping dose in the 
compensation regions is preferred. This variation can be 
implemented by changing the implanted dose or by corre 
spondingly dimensioning the masks used during the photo 
technology before the implantation. 
[0014] The ripple of the electric ?eld can be achieved by 
providing: longer drive-in times folloWing the individual 
implantations, that is to say through a more homogeneous 
distribution of the implanted dopants that are achieved as a 
result; through the use of high-energy implantations; or 
through smaller layer thickness of the individual compen 
sation regions, and thus through a larger number of epitaXial 
layers. 

SUMMARY OF THE INVENTION 

[0015] It is accordingly an object of the invention to 
provide a compensation component and a method for pro 
ducing the compensation component Which overcome the 
above-mentioned disadvantages of the prior art apparatus 
and methods of this general type. 

[0016] In particular, it is an object of the invention to 
provide a compensation component that is distinguished by 
a Wide manufacturing parabola and a loW degree of ripple of 
the electric ?eld. 
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[0017] With the foregoing and other objects in vieW there 
is provided, in accordance With the invention, a compensa 
tion component that includes: at least one ?rst electrode; a 
second electrode con?gured remote from the at least one 
?rst electrode; a semiconductor body of a ?rst conduction 
type; a region including at least one Zone of a second 
conduction type that is opposite the ?rst conduction type, the 
region con?gured in the semiconductor body and adjoining 
the ?rst electrode; a drift Zone lying betWeen the at least one 
Zone of the second conduction type and the second elec 
trode; and compensation regions of the second conduction 
type. The compensation regions have different charge bal 
ances. The compensation regions are con?gured near the at 
least one Zone of the second conduction type. At least some 
of the compensation regions have a dimension that is 
different from that of others of the compensation regions. 
The dimension is the layer thickness in the case of a 
vertically con?gured cornpensation component, and is the 
Width in the case of a laterally con?gured cornpensation 
cornponent. 

[0018] In accordance With an added feature of the inven 
tion, the dimension is the layer thickness; and the layer 
thickness of each one of the compensation regions is dif 
ferent from that of others of the compensation regions. 

[0019] In accordance With an additional feature of the 
invention, the dimension is the layer thickness; and the layer 
thickness of at least tWo of the compensation regions is 
different from that of others of the compensation regions. 

[0020] In accordance With another feature of the inven 
tion, each one of the some of the compensation regions has 
a doping dose that is different from that of the others of the 
compensation regions. 

[0021] In accordance With a further feature of the inven 
tion, the semiconductor body has a main surface; and the 
compensation regions are arranged vertically in the semi 
conductor body With respect to the main surface of the 
semiconductor body. 

[0022] In accordance With a further added feature of the 
invention, the ?rst conduction type is the n conduction type. 

[0023] In accordance With a further additional feature of 
the invention, the compensation regions are doped With 
boron. 

[0024] In accordance With yet an added feature of the 
invention, the dimension is the layer thickness; and the layer 
thickness of each one of the compensation regions is 
betWeen 5.0 urn and 15 urn. 

[0025] In accordance With yet an additional feature of the 
invention, the dimension is the layer thickness; and the layer 
thickness of each one of the compensation regions is 
betWeen 6.0 urn and 7.0 urn. 

[0026] In accordance With yet a further feature of the 
invention, the ?rst electrode, the second electrode, the 
semiconductor body, the region, the drift Zone, and the 
compensation regions de?ne a MOS transistor. 

[0027] In accordance With another added feature of the 
invention, the dimension is the layer thickness; and the 
compensation regions are con?gured beloW the at least one 
Zone of the second conduction type. 
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[0028] In accordance With another additional feature of the 
invention, the dimension is a Width; and the compensation 
regions are con?gured laterally With respect to the at least 
one Zone of the second conduction type. 

[0029] With the foregoing and other objects in vieW there 
is provided, in accordance With the invention, a method for 
fabricating a compensation component, which includes steps 
of: providing a compensation component that includes: at 
least one ?rst electrode, a second electrode con?gured 
remote from the at least one ?rst electrode, a semiconductor 
body of a ?rst conduction type, a region including at least 
one Zone of a second conduction type that is opposite the 
?rst conduction type, the region con?gured in the sernicon 
ductor body and adjoining the ?rst electrode, a drift Zone 
lying betWeen the at least one Zone of the second conduction 
type and the second electrode. The drift Zone has compen 
sation regions of the second conduction type. The compen 
sation regions have different charge balances. The compen 
sation regions are con?gured near the at least one Zone of the 
second conduction type. At least some of the compensation 
regions having a dimension that is different from that of 
others of the compensation regions. The method also 
includes steps of: providing the semiconductor body as a 
semiconductor substrate; and performing rnasked irnplanta 
tions one after another on the semiconductor substrate to 
produce the compensation regions in epitaXially deposited 
layers. 
[0030] In the case of a vertically con?gured cornpensation 
component of the type mentioned in the introduction, the 
object of invention is obtained by virtue of the fact that the 
thickness of the compensation regions is varied. 

[0031] The invention provides a further advantageous 
possibility for achieving a variable doping While at the same 
time reducing the ripple. In addition to the tWo custornary 
rnethods already mentioned above, in the invention, the 
variable doping is set by varying the thickness of the 
compensation regions; that is to say, the thickness of the 
individual epitaxial layers. This has the additional advantage 
that the ripple of the electric ?eld can readily be chosen to 
have approximately the same magnitude in all of the corn 
pensation regions. If the variable doping Were set as previ 
ously by Way of the dose used during the implantation, then 
the transverse electric ?eld, and thus the ripple of the electric 
?eld is greater in the region Where the doping of the second 
conduction type is predominant than in the remaining 
regions. This results in the electric ?eld pro?le that is shoWn 
in FIG. 4. When varying the thickness of the compensation 
regions, Which is used in the invention, the variation of the 
thickness enables the ripple to be con?gured uniformly over 
the entire drift Zone, so that the compensation component 
with the invention can be made thinner than in conventional 
cornpensation components. This ultimately leads to an 
improved, i.e. loWer, on resistance. A further advantage of 
the compensation component with the invention is that the 
thickness of individual deposited epitaXial layers can be set 
With signi?cantly better reproducibility than the doping 
thereof. Cornpensation components for voltages up to 600 V 
and 800 V can readily be manufactured With identical 
epitaXial doping using the present invention. 
[0032] Other features Which are considered as character 
istic for the invention are set forth in the appended claims. 

[0033] Although the invention is illustrated and described 
herein as embodied in a charge cornpensation serniconductor 
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con?guration, it is nevertheless not intended to be limited to 
the details shown, since various modi?cations and structural 
changes may be made therein Without departing from the 
spirit of the invention and Within the scope and range of 
equivalents of the claims. 

[0034] The construction and method of operation of the 
invention, hoWever, together With additional objects and 
advantages thereof Will be best understood from the folloW 
ing description of speci?c embodiments When read in con 
nection With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] FIG. 1 is a diagrammatic cross-sectional vieW 
section through a ?rst exemplary embodiment of a compen 
sation component; 

[0036] FIG. 2 is a diagrammatic cross-sectional vieW 
section through a second exemplary embodiment of the 
compensation component; 

[0037] FIG. 3 shoWs the electric ?eld E as a function of 
the component depth d in the inventive compensation com 
ponent; 

[0038] FIG. 4 shoWs the electric ?eld as a function of the 
component depth d in a prior art compensation component; 
and 

[0039] FIG. 5 shoWs tWo manufacturing parabolas. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0040] Referring noW to the ?gures of the draWing in 
detail and ?rst, particularly, to FIG. 1 thereof, there is shoWn 
a ?rst exemplary embodiment of a compensation component 
in the form of a MOS transistor. FIG. 1 is a diagrammatic 
cross-sectional vieW through the MOS transistor, Which has 
an n-conducting semiconductor body 1 con?gured on an n+ 
conducting semiconductor substrate 2. The MOS transistor 
also has a p-conducting semiconductor Zone 3, n+ conduct 
ing source Zones 4, an insulator layer made of silicon 
dioxide, a source electrode S, a gate electrode G, and a drain 
electrode D. 

[0041] Situated beloW the p-conducting Zone 3 are p-con 
ducting compensation regions 5 to 10, Which, according to 
the invention, have different thicknesses. The compensation 
region 5 has a thickness of 6.0 pm, While the compensation 
regions 6 to 10 respectively have thicknesses of 6.2 pm, 6.4 
pm, 6.6 pm, 6.8 pm and 7.0 pm. 

[0042] In this Way, a drift Zone is obtained from the 
compensation regions 5 to 10, in Which the charge balance 
is likeWise varied as a result of the variation the thickness of 
the compensation regions 5 to 10. 

[0043] FIG. 3 shoWs the pro?le of the electric ?eld E as 
a function of the depth d for the inventive compensation 
component illustrated in FIG. 2. FIG. 4 shoWs the pro?le of 
the electric ?eld E as a function of the depth d for a prior art 
compensation component. Comparing FIG. 3 With FIG. 4 
immediately reveals that the ripple of the inventive com 
pensation component is uniform and has approximately the 
same magnitude in the entire drift Zone. As a result, it is 
possible to make the compensation component thinner and 
to achieve a reduced on-resistance. 
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[0044] FIG. 1 shoWs a vertical arrangement of the inven 
tive compensation component. HoWever, the invention is not 
limited to such a vertical arrangement. Rather, a lateral 
con?guration is also possible, in Which it is then possible to 
achieve the different thickness of the compensation regions, 
for example, using doping Zones of different Widths. 

[0045] HoWever, the inventive compensation component 
preferably has a vertical structure, as is shoWn in FIGS. 1 
and 2. 

[0046] The semiconductor substrate 2, the semiconductor 
body 1 and the individual Zones 3 to 10 are preferably 
composed of silicon. If appropriate, hoWever, other materi 
als are also possible therefore, such as, for example, AIII-BV 
compound semiconductors. 

[0047] Aluminium, for example, can be used for the drain 
D electrode, the gate electrode G and the source electrode S. 
HoWever, other materials can be used, if appropriate, in this 
case as Well. 

[0048] FIG. 2 shoWs a further exemplary embodiment of 
the inventive compensation component, Which differs from 
the exemplary embodiment shoWn in FIG. 1 merely by the 
fact that only some of the layers 5 to 10 have a different 
thickness. Layer 5 has a thickness of 6.4 pm, layer 6 has a 
thickness of 6.7 pm, and layers 7 to 10 each have a thickness 
of 7.0 pm. A variable doping is achieved in this case by 
choosing different doses during implantation, Whereas the 
layers 5 to 7 are implanted With a dose of “100%”, respective 
p-type doses of 90%, 80% and 70% are provided for the 
implantation of the layers 8, 9, 10. If appropriate, hoWever, 
the layers or compensation regions having the varied thick 
ness, similar to the layers With the thickness that are not 
varied, can also have a varied implantation dose. Instead of 
implantation, it is possible to use a different doping method, 
so that the individual layers With at least partly different 
layer thickness then have different doping concentrations. 

[0049] Boron is preferably used as the p-conducting 
dopant. HoWever, if appropriate, it is also possible to use 
other p-conducting dopants, such as, for example, gallium 
etc. 

[0050] Moreover, the invention has been explained above 
on the basis of a p-type pillar including the compensation 
regions 5 to 10 in the n-conducting semiconductor body 1. 
If appropriate the conduction type can also be reversed, so 
that an n-type pillar is present in a p-conducting semicon 
ductor body. 

We claim: 
1. A compensation component, comprising: 

at least one ?rst electrode; 

a second electrode con?gured remote from said at least 
one ?rst electrode; 

a semiconductor body of a ?rst conduction type; 

a region including at least one Zone of a second conduc 
tion type that is opposite the ?rst conduction type, said 
region con?gured in said semiconductor body and 
adjoining said ?rst electrode; and 

a drift Zone lying betWeen said at least one Zone of the 
second conduction type and said second electrode; 
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said drift Zone having compensation regions of the second 
conduction type; 

said compensation regions having different charge bal 
ances; 

said compensation regions con?gured near said at least 
one Zone of the second conduction type; and 

at least some of said compensation regions having a 
dimension that is different from that of others of said 
compensation regions. 

2. The compensation component according to claim 1, 
Wherein: 

each one of said compensation regions has a layer thick 
ness; 

said dimension is said layer thickness; and 

said layer thickness of each one of said compensation 
regions is different from that of others of said compen 
sation regions. 

3. The compensation component according to claim 1, 
Wherein: 

each one of said compensation regions has a layer thick 
ness; 

said dimension is said layer thickness; and 

said layer thickness of at least tWo of said compensation 
regions is different from that of others of said compen 
sation regions. 

4. The compensation component according to claim 3, 
Wherein: 

each one of said some of said compensation regions has 
a doping dose that is different from that of said others 
of said compensation regions. 

5. The compensation component according to claim 1, 
Wherein: 

said semiconductor body has a main surface; and 

said compensation regions are arranged vertically in said 
semiconductor body With respect to said main surface 
of said semiconductor body. 

6. The compensation component according to claim 1, 
Wherein the ?rst conduction type is the n conduction type. 

7. The compensation component according to claim 6, 
Wherein said compensation regions are doped With boron. 

8. The compensation component according to claim 1, 
Wherein: 

each one of said compensation regions has a layer thick 
ness; 

said dimension is said layer thickness; and 

said layer thickness of each one of said compensation 
regions is betWeen 5.0 pm and 15 pm. 

9. The compensation component according to claim 1, 
Wherein: 

each one of said compensation regions has a layer thick 
ness; 
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said dimension is said layer thickness; and 

said layer thickness of each one of said compensation 
regions is betWeen 6.0 pm and 7.0 pm. 

10. The compensation component according to claim 1, 
Wherein said ?rst electrode, said second electrode, said 
semiconductor body, said region, said drift Zone, and said 
compensation regions de?ne a MOS transistor. 

11. The compensation component according to claim 1, 
Wherein: 

each one of said compensation regions has a layer thick 
ness; 

said dimension is said layer thickness; and 

said compensation regions are con?gured beloW said at 
least one Zone of the second conduction type. 

12. The compensation component according to claim 1, 
Wherein: 

said dimension is a Width; and 

said compensation regions are con?gured laterally With 
respect to said at least one Zone of the second conduc 
tion type. 

13. A method for fabricating a compensation component, 
Which comprises: 

providing a compensation component that includes: 

at least one ?rst electrode, 

a second electrode con?gured remote from the at least 
one ?rst electrode, 

a semiconductor body of a ?rst conduction type, 

a region including at least one Zone of a second 
conduction type that is opposite the ?rst conduction 
type, the region con?gured in the semiconductor 
body and adjoining the ?rst electrode, and 

a drift Zone lying betWeen the at least one Zone of the 
second conduction type and the second electrode, 

the drift Zone having compensation regions of the 
second conduction type, 

the compensation regions having different charge bal 
ances, 

the compensation regions con?gured near the at least 
one Zone of the second conduction type, and 

at least some of the compensation regions having a 
dimension that is different from that of others of the 
compensation regions; 

providing the semiconductor body as a semiconductor 
substrate; and 

performing masked implantations one after the other on 
the semiconductor substrate to produce the compensa 
tion regions in epitaXially deposited layers. 


